Joint optimization of preventive age replacement and inventory policy is considered in this paper. There are three decision variables in the problem: (i) preventive replacement age of the operating unit, (ii) order quantity per order and (iii) reorder point for spare replenishment. Preventive replacement age and order quantity are jointly determined so as to minimize the expected cost rate, and then the reorder point for meeting a desired service level is found. A numerical example is included to explain the joint optimization model.
Introduction †
Maintenance policies for systems subject to stochastic failures have been treated for several decades [7] , but most of them have implicitly assumed that spares are always available as needed. If, however as is often the case, spare replenishment is required to implement maintenance policies, we should consider spare provisioning policy together. In this paper joint optimization of preventive age replacement and spare provisioning policy is considered. The problem is different than what typically occurs in maintenance theory and practice, where maintenance policy is determined by engineers independently of the logisticians who opti-교신저자 ytpark@skku.edu ※ 이 논문은 2012학년도 대진대학교 학술연구비 지원에 의한 것임 mize inventory [2] . There are three decision variables in the problem: (i) PR age of the operating unit, (ii) order quantity per order and (iii) ROP for spare replenishment.
In the previous studies on the joint optimization of age replacement and inventory [1, 2, 6] , order quantity per order is assumed only one. We examine joint optimization of age replacement and spare provisioning policy which does not restrict the number of order quantity. When to replace the operating unit and how much to order for spare replenishment are jointly determined so as to minimize the expected cost rate, and then the ROP for meeting a desired SL is found. A numerical example is included to explain the joint optimization model. The expected replacement cost per cycle is
Acronyms
Since the average time to replacement of a unit is
the expected holding cost per cycle is
Thus the expected cost per cycle is
Since the expected cycle length is ⋅  , the expected cost rate is
Notice that if    and ordering cost is included in replacement costs,  reduces to the classical age replacement of Barlow and
Hunter [3] . A necessary condition that  minimizes (5) is obtained by setting the partial derivative of  with respect to  equal to zero, that is,
If  is strictly increasing the l.h.s. of (6) 
Notice that (7) is the EOQ formula since Step 0. Put    and    .
Step 1. Put     and find   , the value of  satisfying (6).
Step 2. Put     and find    , the integer closest to the value of  satisfying (7).
Step 3. If       , then      and      .
Otherwise go to Step 1 after replacing  with   .
Determination of 
We consider the familiar  policy [4] , in which a fixed quantity  is ordered when the inventory position drops to . By the central limit theorem, the distribution of time length taken by  successive replacements is
where
If an order is placed when inventory level including the operating unit is , the probability that stockout occurs before the arrival of replenishment order is
A widely used term for determining ROP is SL, which means the desired probability of no stockout in a cycle. Since stockout cost often includes such intangibles as loss of goodwill it might be more appropriate to specify service constraints, instead of or in addition to the use of cost parameters [2] .
The values of safety factor for some typical SL [8] are shown in [ 
<TABLE 1> SL AND THE CORRESPONDING SAFETEY FACTOR
If a desired SL is exogenously given by operation policy, the ROP to meet the SL is determined by the following equation.
The value of satisfying (12) is
Hence the optimal value of the ROP to meet a pre-specified SL is
3. NUMERICAL EXAMPLE Step 2.     →    
Step 3. Go to Step 1 because   ≠   .
Step 1.     →    
Step 2.     →    
Step 3. Since      , the iteration stops here. In order to obtain a more general orderingstocking-maintenance policy, the extension to the case of unequal replacement intervals will be needed.
NUMERICAL EXAMPLE

